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EFFECTS  OF  NUTRITIONAL  ROUTE  ON  SURVIVAL  OF  MALNOURISHED  AND  WELL 
NOURISHED  RATS  AFTER  SEPTIC  CHALLENGE  AND  ON  THE  BODY  COMPOSITION 

OF  PREVIOUSLY  MALNOURISHED  ANIMALS 

Kenneth  A.  Kudsk,  MD  and  George  F.  Sheldon,  MD 


Intravenous  nutrition  is  an  effective  alternative  to  gastrointestinal  feeding  in 
patients  with  anatomic  or  functional  loss  of  gastrointestinal  integrity.  In  these 
patients,  total  parenteral  nutrition  (TPN)  can  provide  the  nitrogen,  calorics,  vitamins, 
minerals  and  electrolytes  necessary  to  generate  positive  nitrogen  balance  with 
resulting  maintenance  or  increase  in  body  cell  mass  without  edema  formation. 
Intravenous  feeding,  however,  bypasses  the  complex  processing  of  foodstuffs  which 
normally  occur  in  the  G-I  tract  and  some  cf  the  protein-calorie  malnutrition  (PCM) 
associated  morphological1?  2  and  functional?  4-  defects  of  the  gastrointestinal  tract 
persist  after  IV  feeding. 5  Frequently,  no  absolute  contraindication  to  enteral  feeding 
exists,  however,  and  technical  developments  in  enteric  feeding  systems  and  chemically 
defined  diets  allow  physicians  the  opportunity  to  infuse  nutrients  cnterally  despite 
anorexia  or  varying  degrees  of  malabsorption.  The  recognition  that  postoperative  ileus 
frequently  spares  the  small  intestine/1  lias  made  percutaneous  placement  of  needle 
jejunostomses7  a  practical  access  route  in  patients  who  might  otherwise  receive 
nutrients  intravenously.  Since  both  routes  are  feasible  In  such  a  population,  selection 
of  nutritional  approaches  should  be  predicated  on  the  basis  of  preservation  of 
important  visceral  protein  function  such  as  host  defense. 

Increased  susceptibility  to  infection  commonly  occurs  in  association  with  PCM®. 
Our  previous  experiments  have  demonstrated  the  effects  of  PCM  on  mortality  with 
experiments  utilizing  hemoglobin  E.Coli  peritonitis.??  *°  Weil-nourished  rats  refed 
with  standard  diets  withstood  intrapet  itoncal  administration  of  hemoglobin  -E.Coli 
better  than  malnourished  animals.  Although  intravenous  feeding  of  the  same  solution 
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into  malnourished  rats  resulted  in  weight  gain  and  positive  nitrogen  balance,  the 
mortality  rate  from  a  septic  challenge  between  the  malnourished  and  intravenously  fed 
cohorts  was  similar.  This  experiment  did  not  determine  whether  the  lack  of 
improvement  with  IV  feeding  was  due  to  the  route  of  nutritional  repletion,  or  to  the 
absence  of  some  substrate  within  the  TPN  solution.  Subsequent  experiments  have 
shown  that  this  does  not  appear  to  be  substrate  related. 

.This  study  investigates  three  aspects  of  enteral  versus  parenteral  feeding:  the 
role  of  route  of  nutrient  administration  on  survival  after  septic  challenge  of  previously 
(a)  malnourished;  (b)  well-nourished  animals;  and  (c)  on  the  final  body  composition  of 
malnourished  rats  repletcd  via  the  two  routes^ 

i  \ 

Material  and  Methods 
Experiment  i. 

Effect  of  route  of  administration  on  survival  of  malnourished  animals  repletcd 
i ntravenously  or  enterally. 

Fifty-two  female  Fischer  rats  (120-160  grams)  were  randomized  into  1  of  3 
experimental  groups.  For  the  first  14  days  of  the  protocol,  all  animals  were  fed  a 
protein-free,  2%  agar  diet  (U.S.P.  XV-iCN  Nutritional  Biochcmicals)  containing 
adequate  vitamins  and  minerals  and  some  carbohydrate  designed  to  produce  PCM.  The 
16  animals  selected  for  eventual  oral  repletion  with  TPN  solution  (ENT  group)  were 
started  into  the  protocol  24  hours  prior  to  the  remaining  36  animals  (Fig.  1).  After 
10  days  of  eating  the  2%  agar  diet,  each  animal  was  lightly  anesthetized  with 
Metafanc,  weighed,  and  the  external  jugular  vein  cannulatcd  with  a  silastic  catheter 
through  a  neck  incision  to  provide  a  route  for  infusion  of  nutrients.  The  catheter  tip 
was  advanced  into  the  right  atrium  of  the  heart,  secured  within  the  vein  by  silk 
suture,  and  tunneled  subcutaneously  to  the  back  of  the  neck.  The  catheter  was 
brought  through  a  midlinc  incision  and  protected  by  a  flexible  steel  sheath,  the  base 
of  which  was  securely  fastened  to  the  musculature  of  the  neck.  This  mode!  provides 


the  capability  of  unrestrained  mobility  in  the  metabolic  cages  while  solutions  arc 
infused.  Normal  saline  solutions  we  re  utilized  to  maintain  catheter  patency  until 
nutrient  regimens  were  begun. 

All  animals  v/crc  catheferized,  insuring  equal  invasive  management  of  the  rats, 
whether  fed  by  the  IV  or  oral  route.  On  the  14th  day,  the  agar  diet  was  discontinued 
and  16  animals  (ENT)  were  fed  ad  lib  a  25%  dextrosc-4.25%  amino  acid  (Freaminc  II) 
solution  containing  vitamins  and  electrolytes  (Table  1).  After  24  hours,  and  on  each 
subsequent  day,  the  volume  ingested  by  each  ENT  aniinai  was  measured  and  an  equal 
volume  of  solution  (corrected  for  weight  differences)  was  infused  into  a  pair-fed  rat 
over  the  subsequent  24  hours  (IV  group).  The  remaining  20  ECM  rats  were  provided 
unlimited  access  to  standard  rat  chow  (RC),  to  return  to  a  state  of  normal  nutrition 
(RC  group);  one  anidmal  in  this  group  died  during  the  course  of  the  experiment.  RC 
and  ENT  animals  were  given  a  constant  infusion  of  normal  saline  to  maintain  catheter 
patency  during  the  refeeding  period.  All  animals  had  unlimited  access  to  water. 

During  the  refeeding  phase,  urine  and  feces  were  collected  daily  and  analyzed 
for  nitrogen  excretion  suing  the  micro-Kjeldahl  technique.  After  13  days  of  ENT 
refeeding  (12  days  for  IV  and  RC  rats),  the  TEN  and  rat  chow  refeeding  was 
discontinued  and  all  animals  wore  fasted  for  24  hours,  while  catheter  patency  was 
maintained  by  infusion  of  normal  saline. 

E.  Coli-hcmoglobin  adjuvant  solution  was  produced  from  a  stock  culture  of 
E.Coli  previously  obtained  from  the  laboratory  of  Dr.  L.B.  Hinshaw.  The  E.Coli 
suspension  was  adjusted  with  norm;.!  saline  to  a  predetermined  density  using  a  Zeiss 
spectrophotometer.  Blood  was  harvested  from  donor  cohort  female  Fischer  rats, 
washed,  and  combined  with  the*  E.Coli  to  make  a  4%  hemoglobin  mixture  with  ro9 
organism/ml  of  E.Coli.  Bacterial  counts  in  the  inocula  were  confirmed  by  serial  plate 
dilution  and  by  counting  with  a  colony  counter. 

i'-dlowing  the  24  hour  pre-challenge  fast,  the  tats  were  anesthetized,  weighed, 
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injected  intrapcritoncally  with  0.7  ml/ioo  grains  weight  of  the  ii.Coii-Hb  mixture,  and 
returned  to  their  metabolic  cages. 

All  animals  surviving  the  challenge  were  sacrificed  at  3  days.  The  carcasses  of 
8  ENT  and  8  IV  rats  were  dried  to  a  constant  weight  after  removal  of  the  intestines, 
so  that  total  body  nitrogen  (TBN)  could  be  measured  using  the  micro-Kjeldahl 
technique.  Body  composition  and  balance  studies  were  performed  to  insure 
comparable  nutritional  repletion. 

Statistical  analysis  of  survival  was  determined  by  the  log-likelihood  ratio. 
Statistical  comparisons  between  ENT,  IV  and  RC  rats  were  performed  using  analysis 
of  variance  and  Neuinan-Kculs  test  for  parametric  data.  Statistical  comparisons  of 
body  composition  between  ENT  and  IV  pairs  were  performed  using  Student's  test  for 
paired  data.  All  values  were  indexed  to  weight  and  used  body  weight  after  protein 
depletion  as  the  indexing  weight,  with  results  expressed  as  mean  (X)  and  standard 
error  of  the  mean  (SEM). 

Experiment  2. 

Effect  of  route  of  nutrient  administration  on  the  final  body  composition  of 
malnourished  animals  after  repletion. 

The  protocol  above  was  repeated  to  obtain  body  composition  data.  Twenty-four 
female  Fischer  rats  were  weighed  and  divided  imo  groups  of  3  animals  with  similar 
body  weights.  Randomly,  one  animal  from  each  group  destined  for  enteral  repletion 
(ENT -COMP)  was  given  ad  Hb  access  to  2%  agar  diet  24  hours  prior  to  the  remaining 
16  animals.  On  the  10th  day  of  agar  diet,  16  animals  had  intravenous  cannulation 
(ENT-COMP  and  1V-C0MP  animals).  Gastrostomies  were  placed  into  the  final  8 
animals  (CAST-COMP).  On  the  12  day  of  repletion,  all  animals  were  sacrificed. 
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The  stomach,  small  intestine  and  colon  were  carefully  divided  at  their  mesenteries  and 
removed  from  the  carcasses  with  separation  of  the  individual  organs  at  the  pylorus  and 
ileocecal  valve.  The  small  intestine  was  divided  at  its  midpoint.  Each  luminal  organ 
was  opened  along  its  length,  irrigated  to  remove  contents,  blotted  and  weighed.  The 
liver  was  removed  at  its  vascular  attachments,  allowed  to  drain  its  blood,  blotted  and 
weighed.  The  carcass,  liver  and  small  intestine  were  then  dessicated  and  total  nitorgen 
measured  with  Kjeldahl  technique.  Samples  of  the  carcass  were  weighed  before  and 
after  ether  extraction  and  total  lipid  content  calculated.  Daily  urine  collections  were 
also  analyzed  by  Kjeldahl  technique  to  allow  nitrogen  balance  studies.  All  results  are 
expressed  as  mean  +  SE.  Statistical  analysis  was  carried  out  by  analysis  of  variance  and 
Newman-Keul's  test.  One  CAST  animal  died  in  the  early  postoperative  period. 
Experiment  3 

Effect  of  route  of  administration  on  survival  of  normally  nourished  rats. 

Female  Fischer  well  nourished  rats  were  paired  by  weight.  One  animal  from  each 
pair  had  placement  of  an  intravenous  catheter  while  the  other  had  gastrostomy 
placement  and  both  were  given  ad  Ub  access  to  normal  rat  chow  for  the  first  3 

postoperative  days.  On  the  4th  day,  each  animal  had  infusion  of  standard  25%  dextrose- 

4.25%  Frcaminc  solution  at  32  ml/ 100  gm  weight.  Infusions  were  stopped  on  the  12  day 
and  the  animals  were  fasted  24  hours  prior  to  the  septic  challenge.  Daily  urine 
collections  were  obtained  and  nitrogen  balances  calculated.  This  protocol  is  still  under 
investigation  at  the  time  of  this  writing.  Statistical  analysis  was  carried  out  by  unpaired 
Students  t-test  and  one  log-likelihood  ratio. 

Results 

Experiment  t.  Rats  were  fed  almost  identical  volumes  of  TEN  solution  orally  or 

intravenously,  daily,  which  resulted  in  equal  nitrogen  balance  of  the  2  groups  (Table  11). 

In  spite  of  equal  .substrate  administration,  iV  rats  gained  significantly  more  weight  than 


ENT  fed  cats  (p«r.ooi)  (Table  ill).  Rats  fed  a  regular  diet  (RC)  had  a  greater  nitrogen 
intake  than  ENT  or  IV  rats.  However,  because  of  large  variations,  nitrogen  balance  was 
not  significantly  better.  Weight  gain  in  RC  rats  was  significantly  greater  than  ENT  rats 
but  not  IV  animals.  When  indexed  to  initial  weight,  IV  and  RC  rats  gained  significantly 
more  weight  per  day  than  ENT  rats  (Fig.  2,  Table  111). 

To  evaluate  the  greater  weight  gain  in  the  IV  group  as  compared  to  the  ENT  group, 
total  body  water  (TBW)  and  T13N  were  performed  on  carcasses  of  8  EN'T-IV  pairs  (Table 
IV).  IV  animals  had  significantly  lower  TBW  (p  <  .01)  than  their  pair-fed  (ENT) 
counterparts.  TBW  measurements  of  normally  fed  rats  is  approximately  70%,  which  is 
comparable  to  ENT  animals.  Although  no  carcass  fat  analysis  was  performed,  it  was 
suspected  that  the  greater  weight  gain  of  the  IV  rats  was  due  to  fat  deposition. 
Experiment  2  investigated  this  assumption. 

Mortality  following  E.Coli-Hb  peritonitis  was  used  to  evaluate  host  resistence 
following  oral  or  IV  repletion  of  the  malnourished  rats.  Survival  was  unrelated  to  the 
type  of  oral  nutrition  provided;  both  rat  chow  and  TPN  solution  taken  orally  improved 
survival.  Rats  fed  intravenously  (IV)  had  significantly  greater  mortality  at  24  hours  after 
peritonitis  than  orally  (ENT  or  RC)  refed  rats  (p<.05).  Although  these  differences  were 
not  significant  at  48  hours  (FNT  vs.  IV,  p  -  .08),  this  was  probably  due  to  the  population 
size.  ENT  and  RC  surviving  animals  appeared  to  recover  from  peritonitis  sooner  than 
IV  refed  survivors. 

Experiment  2 

Body  and  organ  weights 

There  was  no  significant  difference  between  groups  in  the  amount  of  TEN  solution 
(and  therefore,  nitrogen  01  calorics)  administered  to  the  3  groups  during  the  course  of 
the  experiment  (Table  V).  Although  starting  weights  were  essentially  equal  among  the 
groups,  IV-COMP  animals  gained  significantly  more  weight  (p.  <  .05)  with  greater  final 
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body  weights  than  GAST-COMP  or  ENT-COMP  animals,  confirming  the  results  of 
Experiment  i. 

The  weight  of  the  proximal  small  intestine  was  significantly  greater  in  the  ENT- 
COMP  (p<.ool)  and  GAST-COMP  (p<.ool)  animals  than  in  IV  repletcd  rats  (Table  V!). 
Surprisingly,  weights  of  proximal  small  bowel  in  ENT-COMP  animals  were  also  greater 
than  in  the  continuously  fed  GAST-COMP  rats  (p<  .005).  These  relationships  did  not 
apply  to  the  distal  small  bowel,  however,  where  weights  were  significantly  greater  in  the 
ENT-COMP  rats  than  either  GAST-COMP  or  1V-COMP  animals  (p<.025).  No  statistical 
difference  existed  between  the  latter  groups.  Stomach  weights  were  greater  in  both 
GAST-COMP  and  ENT-COMP  animals  than  1V-COMP  rats  (p<.05),  however.  Colon  and 
liver  weights  were  similar  in  all  groups. 

Nitrogen  distribution  (Table  VI) 

Although  nitrogen  administration  was  similar  in  all  groups,  nitrogen  balance  was 
better  in  the  ENT-COMP  group  (p<.025)  than  either  GAST-COMP  or  IV-COMP  animals. 
Total  body  nitrogen  did  not  reflect  this  difference,  probably  because  of  the  relatively 
small  contribution  of  this  additional  nitrogen  to  total  carcass  nitrogen. 

Organ  nitrogen  distribution  was  significantly  affected  by  route  of  administration, 
however.  The  analysis  of  small  bowel  nitrogen  paralleled  weight  data.  IV-COMP  animals 
had  the  lowest  proximal  intestinal  nitrogen  values  which  were  significantly  lower  than 
either  orally  fed  groups  (p<.05).  The  proximal  intestine  of  discontinuously  fed  ENT- 
COMP  animals  contained  more  nitrogen  than  GAST-COMP  rats  (p<.os).  Distal  nitrogen 
was  net  preserved  in  either  GAST-COMP  or  IV-COMP  animals  which  were  significutly 
lower  than  ENT-COMP  animals  (p  <  .05).  These  results  remain  consistent,  even  when 
nitrogen  data  is  indexed  against  weight  or  total  body  nitrogen. 

Liver  nitrogen  appeared  to  be  maintained  less  in  the  IV-COMP  animals.  Although 
no  statistical  difference  exists  between  groups  when  ail  animals  are  analyzed,  one  IV- 
COMP  rat  had  a  much  larger  liver  than  any  other  animal  studied  (Pig.  2).  If  this  single 
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animal  is  discarded  from  the  analysis,  the  livers  of  IV-COMP  rats  have  statistically  less 
total  nitrogen  than  either  orally  fed  group  (p  <  .05). 

Fat  analysis  (Table  Vll) 

The  IV-COMP  animals  appeared  to  be  fatter  than  ENT-COMP  or  GAST  animals 
during  autopsy  with  an  increased  deposition  in  the  subcutaneous  space  and  mesentery. 
Lipid  extraction  confirmed  this  impression,  as  total  carcass  lipid,  lipid/loo  gram  final 
weight,  and  lipid/total  body  nitrogen  were  significantly  greater  in  IV-COMP  animals  than 
GAST-COMP  or  ENT-COMP  rats,  confirming  the  impressions  from  Experiment  1. 
Experiment  3 

There  was  no  significant  difference  between  the  volume  of  TPN  solution 
administered  to  animals  fed  intravenously  or  via  gastrostomy  (Table  VIII).  Previously 
well  nourished  (WN)  GAST  animals  appeared  to  have  identical  weight  gains  to  1V-WN 
animals.  Similar  weight  gains  in  normally  nourished  animals  fed  enterally  and 
intravenously  is  consistent  with  the  findings  of  others.  There  was  no  difference  in 
nitrogen  balance  between  the  two  groups.  At  the  time  of  this  manuscript's  preparation, 
no  statistically  significant  differences  exist  between  IV  and  CAST  animals,  although  it 
is  obvious  that  the  2  groups  are  diverging  and  that  with  increased  population  size,  a 
confidence  level  of  95?6  will  be  reached  (Table  IX).  GAST  animal  results  most  closely 
paralled  results  in  control  rats.  Again,  most  of  the  differences  occur  within  the  first 
24  hours,  suggesting  some  inadequacy  in  response  to  the  challenge  in  IV  fed  animals.  It 
appears  that  both  state  of  nutritional  status  and  route  of  nutritional  support  are 
important  factors  to  survival  after  the  challenge,  and  that  the  factors  may  he  additive. 
Since  greater  numbers  of  well  nourished  animals  are  required  to  show  the  effects  of 
route  of  administration  on  survival,  it  seems  that  prior  body  state  and  route  arc  additive 
factors  in  this  model  of  sepsis.  Those  animals  sustaining  piior  protein  depletion  in 
addition  to  the  effects  of  route  of  feeding  (Experiment  !)  'demonstrate  these  effects 
most  acutely. 
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Discussion 

Previous  experiments  from  this  laboratory  using  a  PCM  model  challenged  by 
E.Coli-Hb  peritonitis  suggest  that  nutritional  state  influences  survival^’  ^°.  Normally 
fed  rats  and  PCM  rats  fed  standard  rat  chow  2  weeks  after  a  protein  depiction  diet  have 
a  5096  to  65%  survival  rate  48  hours  after  the  septic  challenge.  Rats  with  14  days  of 
protein  depletion  have  a  survival  rate  of  less  than  20?S.  Oral  ingestion  of  TPN  solution 
in  Quantities  isocaloric  and  isonitrogenous  with  intravenous  solution  is  associated  with 
superior  survival  than  if  the  same  substrate  is  given  intravenously.  The  reason  for 
improved  survival  after  oral  refeeding  is  unclear.  The  rapid  death  rate  during  the  first 
24  hours  in  rats  fed  intravenously  suggests  a  metabolic  or  immunologic  defect.  It  is 
possible  that  immunologic  or  metabolic  factor  is  neither  maintained  nor  corrected  by 
intravenous  administration  of  nutrients. 

Several  authors  have  studied  models  of  septic  peritonitis  and  proposed  mechanisms 
of  death.11  Mortality  rate  clearly  correlates  with  reduced  peritoneal  clearance  of 
bacteria12’  documented  by  colloidal-protein  absorption  studies  and  by  recovery  of 
intraperitoneal  bacteria.  Continued  intraperitoneal  localization  of  bacteria  results  in 
increasing  concentrations  of  bacteria  after  growth  and  multiplication.  Proliferation  of 
bacteria  may  result  in  release  of  greater  amounts  of  toxic  products  being  absorbed,  or 
greater  blood  stream  invasion  by  live  bacteria.  Sterile  toxic  products  which  accumulate 
in  peritoneal  fluid  following  ligation  of  the  appendix  in  dogs  increase  bacterial 
virulence. The  addition  of  hemoglobin  to  bacteria  in  this  peritonitis  model  may  impair 
local  cr  systemic  defense  mechanisms.1^  It  docs  appear  that  PCM  influences  the 
function  of  the  reticulo-endothelial  system  to  sepsis1*^  but  whether  IV  feeding  exerts  its 
deleterious  effects  in  this  manner  is  unknown. 

The  different  weight  gains  between  the  ENT  and  IV  groups  fed  equal  substrate 
associated  with  identical  nitrogen  balance  and  total  body  nitrogen  values  is  of  interest. 


Bury  et  al1^  noted  greater  weight  gain  in  orally  fed  rats  than  in  IV  fed  norma!  rats. 
When  Johnson  et  al11  studied  the  effects  of  oral  vs.  IV  feeding  on  the  G-l  iu<  t.  , 
noted  that  5  harnessed  rats  taking  4Ql<-cal  per  day  of  solution  failed  to  gain  v.eig!  1  .Jter 
8  days  of  ora!  intake,  while  IV  fed  rats  receiving  the  same  amount  of  IV  fluid  gained 
weight  through  the  course  of  the  experiment.  The  role  of  the  G-l  tract  in  malm.U itiu.n 
and  refeeding  is  clearly  important.  Considerable  attention  has  been  devoted  to  the 
atrophy  of  the  villous  structures  of  the  G-i  tract2’  and  the  return  of  enzymatic 

function  as  malnutrition  is  corrected.  Moreover,  the  essential  role  of  intraluminal 
foodstuffs  in  return  of  atrophied  intestinal  villi  to  normal  absorptive  capacity1'-^ 
following  a  period  of  exclusion  or  malnutrition  is  well  established.  While  Duty's  data 
support  the  proper  concept  that  gastrointestinal  feeding  is  superior  to  parenteral 
feeding,  the  present  study  demonstrates  that  weight  gain  is  not  necessarily  an 
appropriate  index  of  nutritional  recovery  and  that  prior  state  of  nutrition  as  well  as 
route  of  administration  influences  utilization  of  substrates  and  subsequently  body 
composition  dramatically.  In  short,  visceral  protein  recovery  occurs  even  without  great 
weight  gains. 

Although  the  present  study  demonstrates  the  importance  of  oral  intake,  and 
possibly  intermittent  oral  intake,  on  the  maintenance  and  maximal  recovery  of  visceral 
protein,  the  mechanisms  for  this  arc  not  well  defined.  The  gastrointestinal  tract 
contains  active  tissues  undergoing  rapid  protein  synthesis,  rapid  turnover  and  a  high 
metabolic  rate.  Devclopmcntaliy,  it  seems  appropriate  that  the  body  should  reduce  the 
mass  of  this  metabolic  drain  when  food  is  scarce.  Within  24  hours  of  starvation1^ 


significant  decreases  in  the  mass  of  the  rat's  small  intestine  can  be  measured  so  that 
by  6  days2  the  weight  loss  of  the  small  intestine  is  out  of  proportion  to  losses  from  the 
rest  of  the  body.  Intravenous  feeding  of  glucose-amino  acid  solutions  does  not  obviate 
these  changes.^  During  starvation  of  rats,  visceral  protein  may  meet  as  much  as  40% 
of  the  body's  metabolic  demands  through  gluconccgei.esis.  Somehow,  ingestion  of  food 


maintains  these  tissues.  Decreases  in  enzyme  activity-''5  I‘-J’  22>  2 3  pancreatic  acinar 


ceils, ^  and  gastric  secret i 


similar  time  courses. 


These  changes  do 
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in  humans,  albeit  at  a  slower  rate. 

Since  the  small  intestine  may  release  its  labile  proteins  rapidly  during  early 
starvation,  it  follows  that  when  foodstuffs  arc  presented  to  the  protein-depleted 
intestine,  me  intestinal  mucosaa  demonstate  an  avidity  for  protein  not  seen  in  well 
nourished  animals.  When  protein  depleted  rats  were  given  labelled  amino  acids 
intragastrically,  the  depleted  intestine  demonstrated  greater  specific  activity  for  the 
amino  acid  than  well  fed  controls.2^  The  proximal  intestine,  which  demonstrates  the 
greatest  decrease  in  mass  during  starvation,^  seems  to  show  the  greatest  avidity  for  the 
amino  acids  during  oral  refeeding.  This  probably  accounts  for  the  rapid  recovery  of 
bowel  mass  after  refeeding. 

Parenteral  nutrition  docs  have  positive  effects  on  visceral  proteins,  such  as 
albumin  and  liver  nitrogen  in  malnourished  animals,2"'"0  but  there  is  little  doubt  that 
enteric  administration  generates  a  much  different  response  to  the  nutrients  which 
influences  not  only  the  local  visceral  composition  but  the  composition  of  peripheral 

Q 

tissues  as  well.  Brooke  and  Ashworthe"  documented  20-25%  increases  in  the  metabolic 
rate  of  malnourished  infants  after  feeding  during  their  rapid  phase  of  recovery:  these 
increases  substantially  decreased  after  recovery  to  more  normal  levels.  The  increases 
iii  metabolic  rate  appear  to  reflect  protein  synthesis2^  and  may  be  due,  at  least  in  part, 
to  recovery  of  the  metabolically  active  intestine. 

An  advantage  to  enteral  feeding  certainly  resides  in  the  usual  metabolic  processing 
performed  by  the  splanchnic  bed.  Processing  by  the  mucosa  and  liver  influence  both 
poival  and  systemic  amino  acid  profiles.30  Glucose  administered  cntcrally  into  patients 
stimulates  a  much  greater  release  of  insulin  than  the  same  dose  given  intravenouslyJ 
--  implying  that  intestinal  factors  arc  important  in  the  generation  of  normal  food 
processing.32  Glucose  removal  after  oral  loading  progressed  at  a  rate  3  times  faster 
than  after  IV  administration33,  but  only  30-4096  of  the  oral  glucose  load  escapes  the 
splanchnic  bed  ac.tucly  in  normal  individuals.  Human  given  a  100  gram  glucose  load 
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release  only  1 5 ‘*0  from  the  splanchnic  bed  for  disposal  by  peripheral  tissues.^  The 
remaining  85  grams  either  remain  within  the  splanchnic  system  or  are  released  to  satisfy 
obligatory  demands  of  glucose  requiring  tissues.  Parenteral  administration  delivers  the 
bulk  of  the  glucose  load  to  the  periphery  and  the  splanchnic  circulation  sees  only  that 
part  delivered  through  the  arterial  circulation.  In  comparison  to  the  malnourished 
infants  fed  orally,  (sited  above)  protein  depleted  patients  given  glucose  based  TPN 
solution  had  no  increase  in  oxygen  consumption,  but  did  have  documented  lipogenesis.^ 
Others^  have  also  noted  significant  increases  of  body  fat  in  parcntcrally  fed  patients. 

The  results  of  our  study  demonstrated  that  enteral  administration  of  nutrients 
recovers  and  maintains  visceral  proteins  significantly  better  than  the  same  nutrients 
given  intravenously.  Weight  gain  cannot  be  used  as  a  comparative  indication  of 
increases  in  lean  tissue  between  malnourished  patients  fed  enterally,  and  those  fed 
intravenously.  The  increased  metabolic  response  associated  with  recovery  during  enteral 
repletion  and  the  splanchnic  manipulation  of  foodstuffs  may  account  for  the  lesser 
peripheral  deposition  of  fat  in  enterally  fed  animals.  Because  metabolic  rates  and 
nutrient  fluxes  were  not  measured,  these  hypotheses  remain  speculative. 

Conclusion 

These  experiments  depict  the  importance  of  enteral  administration  of  nutrients 
whenever  feasible.  Enteral  feeding  improved  resistance  to  peritonitis  in  malnourished 
animals  and  maintained  resistance  in  previously  well  nourished  rats  (recognizing  that  at 
the  time  of  manuscript  preparation,  statistical  significance  was  not  yet  obtained  in  the 
latter  group).  When  assaying  nutritional  support  and  its  effect  upon  body  composition, 
one  must  consider  prior  state  of  the  body  composition  as  well  as  nutritional  route. 
Visceral  protein  appear  to  be  replcted  and  maintained  in  malnourished  animals  with 
enteral  feeding  at  the  expense  of  fat  deposition. 
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TABLE  I 

NUTRIENT  SOLUTION 

Dextrose  25% 

F  r  e  am  i  n  e  II  4.25% 

NaCl  25  mEq/L 

K3PO4  20  mEq/L 

MgSO^  16  mEq/L 

Ca.  Gluconate  2.7  mEq/L 

K  Cl  4.0  mEq/L 

MV  I  1  ampu 1 e/L i ter 


TABLE  I  I 


EXPERIMENT  1  -  PRETREATMENT:  MALNOURISHED 


ENT 

IV 

RC 

TPN  Administered 
(ml  / lOO  gm/day ) 

31.6-1.4 

31.9-1.4 

Nin(mg)/100  gm/day 

197.8-8.8 

199.8-8.6 

334.0*9.8* 

N. Balance  (mg)/day 

62.8*3.0 

62.5-5.5 

78.6*7.9 

(X  -  SEM) 

*  Versus  ENT,  IV  p  <.001. 


ENT  and  IV  animals  were  given  equal  volumes  of  TPN  solution. 

RC  animals  ingested  significantly  greater  amounts  of  nitrogen, 
but  nitrogen  balance  was  not  significantly  improved. 


TABLE  I l  I 


EXPERIMENT  1:  PRETREATMENT:  MALNOURISHED 


ENT 

IV 

RC 

Weight  after  Agar 

107.3-2.4 

1. 15. 1-3.  1 

1  18.3-2.6 

Weight  after  Re¬ 
feeding 

109.2-3 

127.2-4.3** 

132.4-2.5* 

Weight  change /day 

.  1 4- . 23 

.  94  - . 17** 

1  .  1-.  1  1** 

Weight  change/d/ 

1 0  0 / gm 

. 1 7  - . 24 

.81-. 15^ 

.  9  8  -  .  2  0  '  * 

(X  -  SEM) 

*  Versus  ENT  p  <  .05 
**  Versus  ENT  p<  .01 


§  Versus  ENT  p  <  .025 


TABLE  IV 


BODY  COMPOSITION  -  EXPERIMENT  1 

ENT  IV 

Total  Body  Nitrogen  (gm)/  3 . I  - . 1  3  -  0  5  - . I  NS 

100  gm 

Total  Body  Water  (%)  69. 8-. 6%  64.9-1.4%  p  .01 

(X  -  SEM) 

IV  fed  animals  have  equal  total  body  nitrogen,  but  less  total  body 


water  than  ENT  fed  animals. 


table;  v 


BODY  COMPOSITION 


EXPERIMENT  2 


ENT~COMP( 8) 


WEIGHT  AFTER  AGAR 
WEIGHT  AFTER  REFEEDING 
WEIGHT  CHANGE 
TPN  given/IOO  g 
Nit.  Bal  (rag/lOO  g) 

(X  ±  SEM) 


105±2 
114-1 .9* 
8.7±1.4* 
398 . 5-7 . 8 
.99±.04 


GAS i- COM P (7 ) 

10G-2 

115.7-2.2* 

9.9±1.8* 

409.4^10.7 

.82±.03** 


IV -COMP (8 ) 


107-5 


.130 . 8-6  .  G 


21.3-9.4 
409-9 . 3 
. 83- .  04 ** 


*  vs  IV  p  <  .05 
**  vs  ENT  p <  . 


025 


WEIGHT  (gms)  ENT-C0MP(8)  GAST-C0MP(7)  IV-C0MP(8) 


LIVER 

PROXIMAL  SMALL  BOWEL 
DISTAL  SMALL  BOWEL 

Nitrogen  (gms) 

LIVER 

PROXIMAL  SMALL  BOWEL 
DISTAL  SMALL  BOWEL 

TOTAL  BODY 

(X  ±  SEM) 


* 

vs 

IV 

P 

<  .001 

** 

vs 

GAST 

P 

<  .05 

5 

vs 

ENT 

P 

<  .05 

§§ 

vs 

ENT 

P 

<  .025 

A . 978- . 164 
I  .  61- . 05* 

1 . 003- . 04 

.  131- .005 
.042±.001 
•028±.002 

3 . 51- . 03 


4 • 52-. 345 
1 .40-. 06*® 
.857±.03§§ 


. 121±.004 

.037±.002§ 

.G23±.001§ 

3.45±.07 


5 . 20- . 58 
1 .08±.06 
. 837- .  05§ § 

.  112±.007 
.028±.001**§ 
•022±.001§ 

3.69±. 13 


Kudsk 


TABLE  VII 

BODY  LIPID  ANALYSIS  -  EXPERIMENT  2 


ENT-COMP(7) 

GAST-COMP(7 ) 

IV-C0MP(8) 

TOTAL  CARCASS  LIPID 

6 . 15- . 34 

7.93±.73 

12.58-2.02* 

LIPID/100  gm  WEIGHT 

5 . 40- . 69 

6.84±.57 

9.51±1 . 18* 

LIPID/TBN 

1 .7G±.25 

2.30±.20 

3 . 38* . 444* 

(X  -  SEM) 

*  vs.  ENT,  GAST,  p  < 

.05 

TABLE  VIII 

PRETREATNENT  -  WELL  NOURISHED  ANIMALS  -  EXPERIMENT  3 

GASTROSTOMy  INTRAVENOUS 

INITIAL  WEIGHT  149.2-1,78  150.6±1.8 

FINAL  WIEGHT  152.9^1.7  154.2^.1 

WEIGHT  A /XOOg/d  . 21- . 05  .2oi.05 

TPN  GIVEN/100  g  404.9±8.3  395.5±8.9 

NITROGEN  BAL.  (mg/d) 

(X  ±  SEM) 


74 . 8±4 . 3 


71 .2±3.3 


TABLE  IX 

SURVIVAL  OF  WELL  NOURISHED  ANIMALS  ON: 

DAY  1  DAY  2 


GAST 

(n= 

28) 

53.5% 

45.7% 

IV 

(n= 

30) 

29.7% 

23.1% 

CONTROL 

(n=  20) 

55.0% 

40.0% 

REFERENCES 


F 


1.  Brunsev  O  et  al:  Jejunal  biopsies  in  infant  malnutrition  with  special  reference 
to  mitotic  index.  Pediatrics  38(4):605,  1966. 

2.  Steiner  M,  Bourges  HR,  Freedman  LS,  Gray  SJ:  Effect  of  starvation  on  the 
tissue  composition  of  the  small  intestine  in  the  rat.  Am  Jr  Physiol  215:75, 

1968. 

3.  Hamilton  RF,  Davis  WC,  Stephenson  DV,  Magee  DF:  Effects  of  parenteral 
hyperalimentation  on  upper  gastrointestinal  tract  secretions.  Arch  Surg  192:348, 

1971. 

4.  Towne  JB,  Hamilton  RF,  Stephenson  DV:  Mechanism  of  hyperalimentation  in 
the  suppression  of  upper  gastrointestinal  secretions.  Am  J  Surg  126:714,  1973. 

5.  Levine  GM,  Deren  JJ,  Steiger  E,  Zinno  R:  Role  of  oral  intake  in  maintenance 
of  gut  mass  arid  idsaccharide  activity.  Gastroenterology  67:975,  1974. 

6.  Nachlas  MM,  Younis  MT,  Poda  CP:  Gastrointestinal  motility  studies  as  a  guide 
to  postoperative  management.  Ann  Surg  175:510-522,  1972. 

7.  Dunn  EL,  Moore  EE,  Bohus,  R\V:  Immediate  postoperative  feeding  following 
massive  abdominal  trauma  --  the  catheter  jejunostomy.  JPEN  4(4):393,  1980. 

8.  Polk  HC,  Fry  D,  Flint  LM:  Dissmeination  and  causes  of  infection.  Surg  Clin 
N  Am  56(4):817.  1976. 

9.  Petersen  SR,  Sheldon  GF,  Carpenter  G:  Failure  of  hyperalimentation  to 
enhance  survival  in  malnourished  rats  with  E.Coli-hemoglobin  adjuvant 
peritonitis.  Surg  Forum  XXX:60,  1979. 

10.  Petersen  SR.  Kudsk  KA,  Carpenter  G,  Sheldon  GF:  Malnutrition  and  immunocompt  u  nco: 
increased  mortality  following  an  infectious  challenge  during  hyperalimentation. 

J  Trauma  (in  press) 


11.  Johnson  LR  et  al:  Structural  and  hormonal  alterations  in  the  gastrointestinal 
tract  of  parenterally  fed  rats.  Gastroenterology  6S:li77,  1975. 

12.  Filler  RM,  Sleeman  HK:  Pathogenesis  of  peritonitis.  I.  The  effect  of 
Escherichia  coli  and  hemoglobin  on  peritoneal  absorption.  Surgery  61(3):3S5, 

1967. 

13.  Sleeman  HK  et  al:  Pathogenesis  of  peritonitis.  II.  The  effect  of  Escherichia 
coli  and  adjuvant  substances  on  peritoneal  absorption.  Surgery  61(3):393,  1967. 

14.  Filler  RM  et  al:  Lethal  factors  in  experimental  peritonitis.  Surgery  6Q(3):671, 
1966. 

15.  Zinsser  HH,  Pryde  AW:  Experimental  study  of  physical  factors,  including  fibrin 
formation,  influencing  the  spread  of  fluid  and  small  particiles  within  and  from 
the  peritoneal  cavity  of  the  dog.  Atm  Surg  136(5):S18,  1952. 

16.  Chaudry  1H  et  al:  Effect  of  severe  caloric  deprivation  on  ’•''ticulo-endothelial 
(RE)  function  and  survival  following  trauma.  Presented  al  American  Assoc,  for 
the  Surgery  of  Trauma,  Phoenix,  Sept.  19S0. 

17.  Bury  KD,  Graystcn  \1,  Kanarens  3:  Characteristics  of  intestinal  absorption 
following  prolonged  total  parenteral  nutrition.  Surg  Forum  26:22,  1975. 

18.  Knudsen  KB  et  al:  Effect  of  fasting  refeeding  on  the  histology  and 
disaccharidase  activity  of  the  human  intestine.  Gastroenterology  55(1):46,  1968. 

19.  McManus  3PA,  Issclbacher  K3:  Effect  of  fasting  versus  feeding  on  the  rat 
small  intestine.  Gastroenterology  49(2):214,  1970. 

20.  Altmann  GG:  Influence  of  starvation  and  refeeding  on  mucosal  size  and 
epithelial  renewal  in  the  rat  small  intestine.  Am  3  Anat  133:391,  1972. 


fisc  her  3C:  Nutrithm.!  support  ol  the  critically  ill  patient:  Current  Problems 
in  Surgery,  19S0. 

McNeill  LK,  11. Liui! Ion  3R:  The  effect  of  fasting  on  disaccharidase  activity  in 
the  rat  small  intestine.  Pediatrics  No.  1,  47:63,  1971. 

Castro  GA  et  al:  Intestinal  disaccharidase  and  peroxidase  activities  in 
parenterally  nourished  rats.  3  Nutr  105:776,  1975. 

Pavlat  W A,  Rogers  W,  Cameron  1L:  Morphometric  analysis  of  pancreatic  acinar 
cells  from  orally  fed  and  intravenously  fed  rats.  3  Surg  Res  19:267,  1975. 

No  reference. 


Hirschfield  3S,  Kern  F  3r:  Protein  starvation  and  the  small  intestine.  3  Clin 
Invest  48:1224,  1969. 

Blanchard  3  et  al:  Effect  of  protein  depletion  and  repletion  on  liver 
structures,  nitrogen  content  and  serum  proteins.  Ann  Surg  190(2):!44,  1979. 

Brooke  OG,  Ashworthe  A:  The  influence  of  malnutrition  o:.  Tire  post-prandial 
metabolic  rate  and  respiratory  quotient.  Br  3  Nutr  27:407-415,  1972. 

Garrow  3S,  Hawes  SF:  The  role  of  amino  acid  oxidation  in  causing  "specific 
dynamic  action"  in  men.  Br  3  Nutr  27:211,  1971. 

Lickiey  HLA,  et  al:  Metabolic  responses  to  enteral  and  parenteral  nutrition. 
Am  3.  Surg  135:172,  1978. 

Elrick  H  et  al:  Plasma  insulin  response  to  oral  and  intravenous  glucose 
administration.  3  Clin  Endocrin  24:1076,  1964. 


1. 


snciaon,  ceorcfo  t. 


PUBLICATIONS  CREDITED  TO  ARMY  CONTRACT 

Plzak,  L.F.,  VJatkins,  G.,  Sheldon,  G.P.:  Hyperalimentation  and 
the  oxy-hemoglobin  dissociation  curve.  Chapter  in  Intravenous 
Hyperalimentation,  pp.  196-203,  Lea  and  Febiger,  publishers,  1972 

2.  Sheldon,  G.F.:  Hyperphosphatemia,  hypophosphatemia  in  the  oxy¬ 
hemoglobin  dissociation  curve.  Journal  of  Surgical  Research, 
14:367-372,  1973. 

3.  Sheldon,  G.F.:  Defective  hemoglobin  function:  a  complication 
of  hyperalimentation.  Journal  of  Trauma,  13:971-979,  1973. 

4.  Grzyb,  S.,  Jelinek,  C.,  Sheldon,  G.F.:  Phosphate  depletion 

syndrome:  Relation  to  caloric  intake  and  phosphate  infusion. 

Surgical  Forum,  24:103-104,  1973. 

5.  Sheldon,  G.F.,  Holcroft,  J. ,  Heppenstall,  R.B.,  Fuchs,  R., 

Hunt,  T.K. :  Massive  transfusion:  A  metabolic  and  hemodynamic 
lesion.  Surgical  Forum,  24:17-18,  1973.  ^ 

6.  Mentzer,  W.C.,  Addiego,  J. ,  Sheldon,  G.F.,  Goldman,  P.,  Kan,  Y.V7. 
Modulation  of  oxygen  affinity  by  phosphate  in  sickle  cell  anemia. 
Clinical  Research,  22:225a,  1974. 

7.  Heppenstall,  R.B.,  Littooy,  F.,  Fuchs,  R.,  Sheldon,  G.F.,  Hunt, 

T.K.:  Gas  tension  in  healing  tissue  of  traumatized  patients. 

Surgery,  75:874-880,  1974. 

8.  Sheldon,  G.F.,  Jelinek,  C.,  Fuchs,  R.:  The  role  of  inorganic 
phosphate  in  recovery  from  transfusion.  Surgical  Forum, 

25:430,  1974. 

9.  Sheldon,  G.F.:  Transfusion  practices  in  trauma  patients. 
California  Medicine,  July  1975. 

10.  Sheldon,  G.F.,  Lim,  R.C.,  Blaisdell,  F.W.:  The  use  of  fresh 
blood  in  critically  injured  patients.  Journal  of  Trauma, 

August  1975. 

11.  Fuchs,  R.,  Holcroft,  J. :  The  HP  9810A  at  San  Francisco  General 
Hospital.  Hewlett  Packard  Keyboard,  6:4,  1974. 

12.  Mentzer,  W.C.,  Addiego,  J. ,  Sheldon,  G.F.,  Goldman,  P.,  Kan,  Y.W. 
Modulation  of  oxygon  affinity  by  phosphate  in  sickle  diseeise. 
Abstracts  of  the  First  International  Symposium  on  Sickle  Disease. 
345-364,  1974. 


c  ldon , Ceor" 


13.  Sheldon,  G.F.,  Grzyb,  S.:  Phosphate  depiction  and  repletion*. 
Relation  to  parenteral  nutrition  and  oxygen  transport.  Annals 
of  Surgery,  182:683-689,  1975. 

14.  Littooy,  F.,  Fuchs,  R.,  Hunt,  T.K.,  Sheldon,  G.F.:  Tissue  oxygen 
as  a  real-time  measure  of  oxygen  transport.  J  Surg  Res  20:  321- 
325,  1976. 

15.  Sheldon,  G.F.,  and  Fuchs,  R. :  In  vivo  comparison  of  blood 
preservatives  J.  of  Trauma  17:505-509,  1977. 

16.  Sanders,  R.,  Garcia,  J. ,  Sheldon,  G.F.,  Schooley,  J.  and  Fuchs. 

R.:  Erythropoietin  elevation  in  anemia  of  thermal  injury. 

Surgical  Form  27:71-2,  1976. 

17.  Sanders,  R.,  Garcia,  J. ,  Sheldon,  G.F.,  Schooley,  J.  and  Fuchs, 

R. :  Erythropoietin  synthesis  during  total  parenteral  nutrition. 

J  of  Surg  Res  22:649-653,  1977. 

18.  Fresh  whole  blood:  Less  than  the  sum  of  its  parts.  EMERGENCY 
MEDICINE,  G.F.  Sheldon  (consulting  editor)  8:100-107. 

19.  Sheldon,  G.F.  and  Fuchs,  R. :  Arteriography:  Another  low  phosphate 
syndrome?  J  of  Surg  Res  22:679-682,  1977. 

20.  Sheldon,  G.F. :  The  Role  of  2,3  Diphosoglycera te  in  Oxygen  Trans¬ 
portation.  Vox  Sanguinis,  1977. 

21.  Sheldon,  G.F.:  Blood  and  Blood  Products,  6th  edition  Handbook  of 
Surgery,  Chapter  II,  Postoperative  and  Preoperative  Care,  in 
General  Surgery,  T.  Schrock,.  editor,  R.  Jones,  Co.,  1978. 

22.  Sheldon,  G.F.,  Fuchs,  R.  and  Carpenter,  G. :  The  Storage  Lesion 
of  Blood:  Role  in  Massive  Transfusion  and  Microaggregate  forma¬ 
tion.  Chapter  in  Microaggregates:  Experimental  and  Clinical 
Aspects,  Warren  H.  Green,  Inc.  (to  be  published  1978) . 

23.  Sheldon,  G.F.  and  Fuchs,  R. :  In  vivo  comparisons  of  blood 
preservatives.  Rev  of  Surg,  1977.  (abstract) 

24.  Sheldon,  G.F.,  Sanders,  R. ,  Fuchs,  R.,  Garcia,  J.  and  Schooley, 

J:  Metabolism  oxygen  transport  and  erythropoietin  synthesis  in 

the  anemia  of  thermal  injury.  Amer  J  of  Surg  135:406-411,  1978. 

Sheldon,  G.F.  and  Petersen,  S.:  Effect  of  protein:  calorie  mal¬ 
nutrition  on  cardiac  and  pulmonary  function  and  oxygen  transport. 
Accepted  for  publication  Amor  Med  Assn,  San  Antonio,  TX,  1977. 


25. 


2G .  Miller  C,  Petersen  S,  Sheldon  GF,  Carpenter  G,  Fuchs  R,  and 
Claudy  B:  Effect  of  protoin-spar ing  therapy  on  iminunocompe- 
tenc.e  in  normal  and  protein  depleted  rats.  Surg  Forum  XX1I9: 
63-65,  1978. 

27.  Peterson  SR,  Sheldon  GF,  Carpenter  G,  Fuchs  R:  Autoregulation 
of  ery thropoiesis  by  2,3  DPG  during  hyperalimentation. 

J  Trauma  (Accepted). 

28.  Sanders  R,  Petersen  S,  Sheldon  GF:  Comparison  of  parenteral 
and  oral  nutrition  in  normal  and  protein  depleted  rats 
(submitted ) . 

29.  Petersen  SR,  Sheldon  GF,  Carpenter  G  and  Fuchs  R:  Restoration 
of  red  cells  in  protein  depleted  rats  by  hyperalimentation. 

J  Trauma  (in  press). 

30.  Sheldon  GF  and'Baker  CC:  Complications  of  nutritional  support. 
Critical  Care  Medicine  8:35-37,  1980. 

31.  Sheldon  GF:  Hemotherapy  in  a  trauma  center.  Manual  of  Trans¬ 
fusion  Therapy:  Am.  Assoc,  of  Blood  Banks,  Chapter  2,  00  17-27, 
1979. 

32.  Sheldon  GF:  Diphosphoglycerate  (2,3  DPG)  in  massive  transfu¬ 
sion  and  ery thropoiesis .  Crit  Care  Med  7:407-411,  1979. 

33.  Petersen  SR,  Sheldon  GF  and  Carpenter  G:  Failure  of  hyperalimen¬ 
tation  to  enhance  survival  in  malnourished  rats  with  E.coli- 
hemoglobin  adjuvant  peritonitis.  Surg  Forum  30:60-61,  1979. 

34.  Sheldon  GF:  Role  of  parenteral  nutrition  in  patients  with  short 
bowel  syndrome.  Am  J  Med.  67:1021-1029,  1979. 

35.  Kudsk  KA,  Carpenter  G,  Petersen  S,  and  Sheldon  GF:  E.coli- 
hemoglobin  peritonitis  in  rats  with  protein  calorie  malnutri¬ 
tion  following  enteral  or  pa'rentcral  nutritional  repletion. 

Assoc.  Acad  Surg  (Submitted). 

36.  Sanders  R,  Petersen  SR,  Sheldon  GF,  Carpenter  G  and  Fuchs  R: 
Comparison  of  parenteral  and  oral  nutrition  in  a  protein 
depleted  rat  model.  (Submitted) 

37.  Petersen  SR,  Sheldon  GF,  Carpenter  G  and  Fuchs  R:  Restoration  of 
red  cells  in  protein  depleted  rats  by  hyperalimentation.  (.J 
Trauma  -  in  press) 

38.  Miller  CL,  Petersen  SR,  Sheldon,  GF,  Carpenter  G,  and  Fuchs  R: 
Effect  of  "protein-sparing"  therapy  in  immunoconipo tencc  in  normal 
and  protein-depleted  rats.  Surg  Forum  XXIX:63,  1978. 


.-J 


39. 


Sheldon  Glr  and  Baker  CC:  Complications  of  nutritional  support. 
Crit  Care  Med  8(1):  35-37,  .1980. 


40.  Petersen  SB,  Sheldon  GF  and  Carpenter  G:  Failure  of  hyperali¬ 
mentation  to  enhance  survival  in  malnourished  rats  with  K.Coli- 
hemoglobin  adjuvant  peritonitis.  Surg  Forum  30:60-61,  1979. 

41.  Petersen  SR,  Sheldon  GF,  and  Carpenter  G:  Autorcgulation  of 

ery thropoi esi s  by  2,3  Di phosphogl ycerato  during  hyperalimentation. 
J  Trauma  20(9) : 750-754 ,  1980. 

42.  Petersen  SR,  Kudsk  KA,  Carpenter  G  and  Sheldon  GF:  Malnutrition 
and  immunocompetence :  increased  mortality  following  an  infectious 
challenge  during  hyperalimentation.  J  Trauma  (in  press) 

43.  Kudsk  KA,  Carpenter  G,  Petersen  S,  and  Sheldon  GF:  K.Coli- 
hemogiobin  peritonitis  in  rats  with  protein  calorie  malnutrition 
following  enteral  or  parenteral  nutritional  repletion.  J  Surg 
Res  (in  press). 

44.  Kudsk  KA,  SA,  Stone  J  and  Sheldon  GF:  Nutrition  in  trauma.  Chapter  in: 

Surg  Clinics  N  Am  (Symposium),  DD  Trunkcy,  Ed.  Wavcrly  Press,  1981. 

45.  Kudsk  KA,  Stone  JM,  Carpenter  G  and  Sheldon  GF:  Effects  of  enteral  vs. 
parenteral  feeding  of  malnourished  rats  on  body  composition.  Clin  Res 
29(2):266A,  1981. 

46.  Kudsk  KA,  Stone  JM,  Carpenter  G  and  Sheldon  GF:  Effect  of  route  of 
nutrient  administration  on  survival  with  hemoglobin-adjuvant  peritonitis  in 
normal  rats.  Surg  Forum  (in  press). 

47.  Stone  JM,  Kudsk  KA,  Carpenter  G  and  Sheldon  GF:  Effect  of  femur 
fracture  on  survival  after  septic  challenge  in  normal  rats.  Surg  Forum  (in 
press). 

48.  Kudsk  KA,  Sheldon  GF  and  Lim  RC:  Atrial-caval  shunting  (ACS)  after 
trauma.  J  Trauma  (in  press). 

49.  Stone  JM,  Kudsk  KA,  Carpenter  G,  Sheldon  GF:  Effect  of  dietary  protein 
restriction  on  survival  after  experimental  peritonitis  in  rats.  Surg  (submitted 
1981). 


